were identified crystallographically and contain polymeric cations with six-coordinate indium centers bonded to one chelating L-L and a terminal chlorine, linked by alternating single and double chlorine bridges into chains. The complicated chemistry of InX 3 with these two rigid chelates is contrasted with that of the flexible diphosphane Et 2 P(CH 2 ) 2 PEt 2 , which forms [In 2 Cl 6 {Et 2 P(CH 2 ) 2 PEt 2 } 2 ], and with more sterically demanding o-C 6 H 4 (PPh 2 ) 2 (Sigl et al. Eur. J. Inorg. Chem. 1998, 203-210). The results also contrasted with those found for GaX 3 with the same ligands (Cheng et al. Inorg. Chem. 2007, 46, 7215-7223).
Introduction
The heavier p-block metals have a rich coordination chemistry, which only in recent years has been explored in any significant detail.
1,2 Compared with the familiar d-block chemistry, that of the p-block is more restricted in the range of accessible oxidation states and lacks a simple bonding model corresponding to ligand field theory, which can rationalize and predict many of the detailed trends in the chemistry. The factors which determine stoichiometries and structures are often unclear, and in relatively few systems has the "fine tuning" of the metal properties by ligand design been explored in detail. As pointed out by Downs, 3 in group 13, there are many similarities in the chemistries of the elements, but even within the heavier metallic elements, the properties vary in a highly irregular fashion. Applications of indium lie mainly in the electronics industries in III-V semiconductors such as InP and InSb, 4 although there is growing use of indium reagents in organic synthesis, 5 and the radio-nuclides 111 In and 113m
In as medical imaging agents. 6 Tertiary phosphanes mostly form trigonal bipyramidal complexes with indium(III) halides [InX 3 (PR 3 ) 2 ] (X ) Cl, Br or I), 7 although a limited number of pseudo-tetrahedral
[InX 3 (PR 3 )] have also been characterized. 8, 9 Diphosphane complexes include a few structurally characterized examples of Ph 2 P(CH 2 ) 2 PPh 2 κ 1 -or µ 2 -coordinated to InI 3 , 7, 9, 10 Here, we report systematic studies of the reactions of indium(III) halides with the ligands o-C 6 H 4 (PMe 2 ) 2 , o-C 6 H 4 (AsMe 2 ) 2 , o-C 6 H 4 (PPh 2 ) 2 , and Et 2 P(CH 2 ) 2 PEt 2 , to explore the effects of the ligand donor and architecture upon the stoichiometries and structures produced. Direct comparisons are drawn with results from our recent work on gallium(III) complexes of these ligands.
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Experimental Section
Anhydrous indium halides were obtained from Aldrich and used as received. Ligands were obtained from Aldrich (Et 2 P(CH 2 ) 2 PEt 2 ) or were made by literature methods: o-C 6 H 4 (PPh 2 ) 2 , o-C 6 H 4 (PMe 2 ) 2 , and o-C 6 H 4 (AsMe 2 ) 2 .
14-16 All reactions were conducted using Schlenk, vacuum line, and glovebox techniques and under a dry dinitrogen atmosphere. IR spectra were recorded from Nujol mulls on a Perkin-Elmer PE 983G spectrometer, and Raman spectra were recorded using a Perkin-Elmer FT Raman 2000R with a Nd:YAG laser. 1 H NMR spectra were recorded from solutions in CDCl 3 or CD 2 Cl 2 on a Bruker AV300, and 115 In and 31 P{ 1 H} NMR spectra were recorded on a Bruker DPX400 and referenced to [In(H 2 O) 6 ] 3+ in water at pH ) 1 and 85% H 3 PO 4 , respectively. Microanalytical results were from the University of Strathclyde or Medac Ltd.
[InCl 2 {o-C 6 H 4 (PMe 2 ) 2 }][InCl 4 ] (1). InCl 3 (0.27 g, 1.2 mmol) was dissolved in toluene (10 mL), o-C 6 H 4 (PMe 2 ) 2 (0.12 g, 0.6 mmol) added, and the mixture heated and stirred at 80°C for 2 h. It was cooled to room temperature, and the white precipitate was filtered off and dried in vacuo. Yield: 0.36 g, 94%. Anal. calcd for C 10 X-Ray Crystallography. Brief details of the crystallographic data and refinement parameters are given in Table 1 . Crystals were grown from CH 2 Cl 2 solutions by vapor diffusion of n-hexane. Data collections used a Bruker-Nonius Kappa CCD diffractometer fitted with Mo KR radiation (λ ) 0.71073 Å) and either a graphite monochromator or confocal mirrors, with the crystals held at 120 K in a nitrogen gas stream. Structure solution and refinement were straightforward, 17,18 except as noted below, with H atoms introduced into the models in calculated positions using the default C-H distance. The anion in [In 2 Cl 5 {o-C 6 H 4 (AsMe 2 ) 2 } 2 ][InCl 4 ] was disordered and was modeled as two orientations of a tetrahedral unit with a common In atom. Both of the dichloromethane solvates had disordered solvate molecules, particularly severe in [In 2 Cl 6 {o-C 6 H 4 (PMe 2 ) 2 } 2 ] · nCH 2 Cl 2 . In both cases, C and H were not identified, and the Cl atoms were adjusted to give sensible adp values. Selected bond lengths and angles are given in Tables 2-9.
Results
Diphosphanes. The reactions of o-C 6 H 4 (PMe 2 ) 2 with InX 3 (X ) Cl, Br, or I) in toluene solution were carried out in 2:1, 1:1, and 1:2 InX 3 /diphosphane molar ratios (see Scheme 1). The reactions in a 2:1 ratio gave white complexes of composition 2InX 3 /o-C 6 H 4 (PMe 2 ) 2 , and crystals of two examples grown from CH 2 Cl 2 /n-hexane were found by X-ray crystallographic studies to be [InX 2 {o-C 6 H 4 (PMe 2 ) 2 }][InX 4 ] (X ) Br (2) or I (3)), containing distorted tetrahedral cations and tetrahedral anions (Figures 1 and 2 , Table 2 ). The cations are distorted by the rigid chelate with <P-In-P ∼ 84°, while the <X-In-X are much wider (X ) Br, 121.85(6)°a nd X ) I, 133.75(2)°). The In-P distances are little different between the two cations (2.552(3) Å, X ) Br; 2.5575(9) Å, X ) I), although rather longer d(In-P)'s are present in the cation [InI 2 {o-C 6 H 4 (PPh 2 ) 2 }] + containing the bulkier and weaker donor aryl diphosphane (2.5862(11), 2.5635(11) Å).
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The H} NMR spectra show small high-frequency coordination shifts from the free diphosphane (δ ) -55) with a clear trend: X ) Cl, δ ) -36.5; X ) Br, δ ) -38.2; X ) I, δ ) -42.2. 115 In NMR spectroscopy was also used, but despite the high sensitivity and abundance of this isotope, the substantial quadrupole moment 20 results in fast quadrupolar relaxation and unobservably broad lines in all but near cubic environments. In practice, only the tetrahedral [InX 4 ] -anions gave observable resonances, and even here the lines are broad (w 1/2 ∼ 2000 Hz), but these are a useful confirmation of the presence of these anions in solution.
The reaction of InX 3 (X ) Cl or Br) with o-C 6 H 4 (PMe 2 ) 2 in a 1:1 or 1:2 molar ratio in hot toluene produced white complexes of stoichiometry InX 3 /o-C 6 H 4 (PMe 2 ) 2 , but using InI 3 , the product was InI 3 /1.5 o-C 6 H 4 (PMe 2 ) 2 . The crystal structure of the bromide complex showed it to be trans-[InBr 2 {o-C 6 H 4 (PMe 2 ) 2 } 2 ][InBr 4 ] (4) ( containing an octahedral cation. The cation is centrosymmetric with d(In-P) ) 2.631(4) and 2.641(4) Å, markedly longer than in the tetrahedral cation (2; vide supra), and <P-In-P is also smaller at 78.75°. The d (In-Br) In NMR spectra show that only this complex is present in chlorocarbon solutions.
In contrast to the bromide described above, and to [InCl 2 {o-C 6 H 4 (PPh 2 ) 2 The chemistry is different again in the InI 3 system. Reaction of InI 3 with the diphosphane in a 1:1 or 1:2 molar ratio gave a complex of composition 2InI 3 /3{o-C 6 H 4 (PMe 2 ) 2 }. The crystal structure of this complex shows it to be trans-[InI 2 {o-C 6 H 4 (PMe 2 ) 2 } 2 ][InI 4 {o-C 6 H 4 (PMe 2 ) 2 }] (6; Table 6, Figure 6 ). The centrosymmetric cation has d(In-P) ) 2.638(2) Å, not significantly different than those in trans-[InBr 2 {o-C 6 H 4 (PMe 2 ) 2 } 2 ]
+ (4; see 13, 23, 24 We find that the InX 3 complexes of o-C 6 H 4 (PPh 2 ) 2 show neither type of reaction. Dichloromethane solutions of [InX 3 {o-C 6 H 4 (PPh 2 ) 2 }] were unchanged after three weeks exposure to dry O 2 , while upon the addition of small amounts of water, the diphosphane was displaced but without the formation of phosphonium tetrahaloindate(III).
The aliphatic backboned diphosphane, Et 2 P(CH 2 ) 2 PEt 2 , which normally chelates to transition metals, unexpectedly behaved exclusively as a bridging ligand toward GaX 3 , forming [X 3 Ga{µ-Et 2 P(CH 2 ) 2 PEt 2 }GaX 3 ].
13 However, upon reaction with InCl 3 in toluene in either a 1:2 or 1:1 InCl 3 / ligand molar ratio, the poorly soluble complex formulated [In 2 Cl 6 {Et 2 P(CH 2 ) 2 PEt 2 } 2 ] (13) 
Diphosphane and Diarsane Complexes of Indium(III) Halides
Raman spectra show no evidence for [InCl 4 ] -, although there are strong υ(InCl) vibrations at 287 and 267 cm -1 , which are similar to those in the dimeric [In 2 Cl 6 {o-C 6 H 4 (PMe 2 ) 2 } 2 ] (5), and it seems likely to have a similar structure. The complex is very poorly soluble in CH 2 Cl 2 , in which it gives a broad singlet 31 P{ 1 H} NMR resonance (δ ) -21.4) and a weak resonance at +450 in the 115 In NMR spectrum, indicating that some [InCl 4 ] -is present, either due to rearrangement or trace hydrolysis. Poor solubility prevented low-temperature NMR studies. 2) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. The cation has mirror plane symmetry passing through In1, Br1, and Br2. Symmetry operation: a ) x, 1 -y, z. (3) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. The cation has mirror plane symmetry passing through In1, I1, and I2. Symmetry operation: a ) x, 1/2 -y, z. the basis of solution conductivity and molecular weight data. 12 We find that reactions of the appropriate InX 3 with the diarsane in 1:1 and 1:2 molar ratios in toluene resulted in isolation of only a single complex from each halide (see Scheme 2). However, crystals of the chloro complex, obtained from CH 2 Cl 2 solution, revealed a chloridebridged dimer structure, [In 2 Cl 6 {o-C 6 H 4 (AsMe 2 ) 2 } 2 ] (7). The structure (Table 7, Figure 7 ) is similar to [In 2 Cl 6 {o- (4) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. The cation is centrosymmetric. Symmetry operation: a ) 1 -x, 1 -y, 1 -z. (5) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level; H atoms are omitted for clarity, and the disordered solvate molecule has been omitted. The dimeric molecule is centrosymmetric. Symmetry operation: a ) 1 -x, 1 -y, 1 -z. (14) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. The cation forms a chain structure with Cl1 symmetrically bridging two In atoms. (12) (7) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and the solvate and H atoms are omitted for clarity.
distorted tetrahedral cation. The crystal is isomorphous with the diphosphane analogue ( + with the diphosphane analogue shows very similar In-Cl bond lengths, and In-As being greater than In-P by ca. 0.09 Å.
Conclusions
The chemistry of indium(III) halides with the three rigid o-phenylene chelates proves to be much more complicated (as summarized in Schemes 1 and 2) than that found for gallium(III). , the formation of this complex anion in the crystals may be a consequence of the low solubility of the salt formed with the corresponding cation. It is not clear on Lewis acidity grounds why the corresponding complex anions with chloride or bromide do not form. Possibly, the energy needed to rearrange the tetrahedral InX 4 to the four-coordinate fragment of the octahedron is higher for the lighter halides, and this opposes formation of the six-coordinate anion. Although they may be present in solution, the methyl-substituted chelates do not afford solid five-coordinate adducts as found with the bulkier aryl-diphosphane in [InX 3 {o-C 6 H 4 (PPh 2 ) 2 }].
11 The ready formation of six-coordination at indium allows the ligand Et 2 P(CH 2 ) 2 PEt 2 to function as a chelate compared with its unusual µ 2 mode observed in gallium(III) chemistry.
In the GaX 3 systems, 13 usually only one complex is present in each GaX 3 /L-L system, and the gallium is almost always four-coordinate (distorted tetrahedral), with flexible bidentates as [X 3 Ga(L-L)GaX 3 ]. The rigid chelates, o-C 6 H 4 (AsMe 2 ) 2 and o-C 6 H 4 (PPh 2 ) 2 , displace one X group to form cations, [GaX 2 (L-L)]
+ , but only o-C 6 H 4 (PMe 2 ) 2 is able to (12) showing the atom numbering scheme adopted. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. Symmetry operation: a ) x, 1/2 -y, z. Ellipsoids are drawn at the 50% probability level, and H atoms are omitted for clarity. The cation forms a chain structure with alternating single and double chlorine atom bridges linking In atoms. Cl2 is on a center of symmetry. Symmetry operations: a ) -x, 2 -y, 1 -z; b ) 1 -x, 2 -y, 1 -z.
